An interesting culture obtained by limiting dilution is less likely to be monoclonal than a random viable culture.
In cloning by limiting dilution [1] it is often assumed that progenitors are Poissondistributed and the probability that a resulting interesting culture is monoclonal is the same as that of any viable culture [2] . An improved estimate of the probability that a culture containing interesting cells is monoclonal can be obtained independent of cloning efficiency by assuming interesting and uninteresting progenitors independently Poisson-distributed and calculating the conditional probability that an interesting culture arose from a single progenitor. The probability an interesting culture is monoclonal is calculated in terms of the fractions of sterile and uninteresting cultures and shown to be bounded above by that of a random viable culture, decreasing with increasing rarity of interesting cultures, and bounded below by the fraction of sterile cultures. The improved estimate is likely to be useful in the largescale cloning to create monoclonal lines which is routinely done in recombinant DNA and hybridoma work.
Assuming progenitors independently Poisson-distributed with average number x interesting (the definition of interesting is left arbitrary) and y uninteresting per culture, the probability of having placed i interesting in culture with j uninteresting is:
[1] i! j! The probability a culture containing interesting cells is monoclonal is: PM P(l,O0) pM= 1 P-(P0) [2] (since ln u is a decreasing function of u with limit"_ 1 = 1).
The upper bound S In represents the case where interesting is defined as viable (u = s) and is the widely used optimistic estimate of PM referred to above [2] .
Since the cultures are independently distributed, cloning by limiting dilution is equivalent to the imaginary process of first aliquoting the interesting and then the uninteresting progenitors. After the first step, uninteresting cultures are sterile and the probability an interesting culture is monoclonal is [1] The lower bound is easily understood by considering the case where interesting progenitors are so rare they do not appreciably affect the fraction of sterile cultures (u = 1). An interesting monoclonal culture can only arise from a single progenitor placed in sterile culture, so PM here is simply s.
The probability that an interesting culture is monoclonal is less than or equal to that of a random viable culture, decreases for increasingly rare interesting cultures, and is bounded below by the fraction of sterile cultures.
This result is significant since the common intuitive notion (that the probability an interesting culture is monoclonal is the same as that of a viable culture) is shown to be a gross overestimate in many circumstances (refer to Table 1 ).
In subcloning so that interesting subcultures have a probability of being mono- clonal of at least Pc they should be aliquoted with an average of N progenitors per subculture to produce a fraction sterile S = eN such that:
Expressed in terms of N:
PC -PM
To ensure a probability P, of at least one viable subculture, at least V subcultures must be aliquoted such that Solving for V:
In any application, s and u must be approximated. Fractions s = S/T and u = UIT, where S and U are the binomial distributed numbers of sterile and uninteresting (including sterile), and T the total number of cultures, respectively, are sample random variable averages (approximately normally distributed for large T) with means s and u and variances s (1 -s)/T c 0.25/T, and u (1 -u)/T c 0.25/T, respectively. Choosing s = -T"T/2, U = iU + T-12 (T-"12 2 two standard deviations) will provide a conservative working estimate of PM and N.
Current practice using limiting dilution to establish monoclonal lines of interesting organisms derived through recombinant DNA or hybridoma technology overestimates the probability that promising cultures are monoclonal, resulting in inadequate subcloning dilutions with the need for additional subcloning (wasting time, effort, and materials) and the avoidable loss of interesting lines by overgrowth with uninteresting contaminants (explaining some of the notorious instability of newly established "monoclonals").
For example, suppose in a large hybridoma experiment fusomas are aliquoted to 10,000 culture wells with 7,000 wells showing growth at two weeks, supernatants of 2,000 of those assaying as antigen-specific (interesting) by ELISA.
In this case T = 10,000, s and u may be directly approximated with Pm = 0.33 by equation [3] above or Table 1 with s = 0.3 and u = 0.8. Current practice optimistically estimates PM = 0.52, assuming s = 0.3 and that the probability an interesting culture is monoclonal is the same as any other viable culture, s = u = 0.3 in equation [3] above or Table 1 .
In subcloning to ensure the probability that an interesting subculture has at least 95 percent probability of being monoclonal, the subcultures should be aliquoted with less than an average of N = 0.078 progenitors per subculture and at least 59 subcultures aliquoted to ensure a 99 percent probability of at least one being viable by equation [5] Each entry is of the form N, v where N is the average number of progenitors per subculture (rounded down to three decimal places) so that the probability an interesting subculture is monoclonal is at least PC = 0.95, and V is the number of subculture volumes (rounded up to integers) aliquoted to s In u ensure a probability P, = 0.99 at least one will be viable. PM = u _ is the probability the original interesting culture is monoclonal, where s and u are the fractions sterile and uninteresting (including sterile) of the original cultures, respectively. which may be solved by iteration with S = 0.807 and N = 0.214. If aliquoted at this concentration, the probability that an interesting subculture is monoclonal may be calculated by equation [4] above as Pc c 1 -(1 -0.33) (1 -0.807) = 0.87 At N = 0.078, 5 percent of interesting subcultures are at risk of overgrowth with contaminants, whereas at N = 0.214, at least 13 percent are potentially unstable, representing as much as a 2.6-fold loss over that anticipated.
